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TIME SYNCHRONIZING SYSTEM 

fj^ld of +-fr"=> j Tyrant ion 

The present invention relates to a time synchronizing 
system for unifying the time between a plurality of distributed 
control oriented terminal devices. 

po-ia^ Background Art 

Generally, what is dominant among a variety of plant 
monitor control systems is a distributed control system that 
includes, with developments of a microcomputer and a signal 
transmission technology, a plurality of terminal devices 
connected to each other via transmission lines . Further, in this 
type of monitor control system, an occurrence time data when a 
state change is added to various categories of input data given 
from the plant and recorded, and the state is thus displayed 

When the plant data received from the plant are transmitted 
to other terminal device via the transmission line from one 
terminal device, it is required that the time data be added. 

in the terminal device receiving first the input data, when 
a time signal is added when in a state variation of the input 
data, time synchronization as precise as a required tame 
resolution or higher needs to be taken between the terminal 
devices, and the prior art involves the use of transmission lines 
for connecting the terminal devices or signal lines dedicated 
to the time synchronization. in this case, the system is 
configured as a transmission system that account for the tame 
synchronization, or hardware and software dedicated to the time 
synchronization are needed. This might induce a decrease in data 
transmission efficiency and a decline of economical 
characteristic, and might lose a continuity of time because if 
the time itself being rewritten when correcting the time. 

Thus, according to the conventional method of adding the 
time signal to the input data, if a time resolution having a 
} accuracy as high as 1 ms is required, a time synchronization signal 
process as precise as this resolution or higher needs to be 
executed. Nevertheless, it is difficult to actualize this and 



ensure the accuracy. 

jUtmnri ^ invention, which was 

It is a primary object of the present! 

de vised to obviate the problems "J transmission 

synchronic, system capable of ««J 

efficiency and exhibiting a high accur y ^ ^ 

characteristic without being avare of 

synchronization. pre sent invention a time 

According to one aspect of the p^ ^ positio ning 

synchronization syste* ^ ^ . Global 

system, ^ and putting a UTC (Universal Time 

Positioning system (GPS), an reference pulse signal 

coordinated, s£— ti™ ^ e ttae 

synchronizing UTC and represe nting an absolute time, 

signal composed of a ser, g a re( erence time 

and a time signal synchronization reference signal 

signal by synthesizing the UTC syn transmits 
and the UTC synchronization > abso^ • ^ q£ 

, this reference time signal in distrib 

d istributed ^;^Z:Z7:*ZZs. the time signal 
With a spread of ^ ^ ^ 

as highly ^^J^uizing GPS described above, the 
anywhere on the earth. y ^^tion standard and 

;5 pulse signal ""T'Tl^Lti •» * bS ° 1Ute ""^ 
the serial time signal representing transm itted in 

• . „;th UTC outputted from GPS, are 
synchronize wit h ^UTC _ P distributed contr ol oriented 

distribution to the plurality distribu t or , and the time 

terminal devices from the time signai ^distr ^ 

30 « is feasible to 

Hence, signal synchronizing with UTC 

easuy obtain the referenc _ aeneral . purpose d 

precise time synchronizing process. 
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Th e tl» signal distributor may synchronize a rising edge 
„ . = ,,„„ reference signal with UTC, and may 

devices w«h a ^ characteris tic with simplified 

The terminal device may include a referen 
grating in synchronization ^ 

^r^^™ o^^order than a min^ 
signal representing synchronization 

4-v.ai- is processed m x-ne ux«_ j 
time unit that is p correction module 

^^si^an^^ reference 

for comparing an internal time v 

clock with an external ti»e value ^ 
synchronization referenc e s^, and 

or larger in ,^ tribut or, and the time signal on the 

— - the r si r: f 

rr GP S. can be easily ^^^^T^ 
m i Hi second by matching the internal cxo 

millisecona y . . tttt' us ina the absolute time signal 

clock synchronizing with UTC, using rn 

nnit delimiting width of the correction, 
"rre" To T^Z of * «- — ence. with this 
con^gTration, when a width of deviation o £ the internal *locK 
. £ rom fhe reference cloc* ^ £ ^e 

t ntrrr:rco n r t h P at „ used as «. ^ 

devices can be tafcen with a high accuracy wrthout exerting any 
signals fro. an internal reference signal generator for 



generating an internal reference ^^^^ 
urc synchronization reference signal, an internal 
^generator for generating an eternal absolute time signal 
eoTl to the UTC synchronisation absolute time signal and the 
5 Z receiver, the signal synthesizing unit of the time signal 
Tstrltor M y generate an internal time signally ^™ 
the internal reference signal and the internal absolute time 
sfgnaland^y trans^tthis internal t^esignalas asubs^e 

for the reference time signal in distribution to the respective 
l0 Ir^l devices. With this contrivance, if unable .to receiv 
the time signals from the GPS receiver due to some sort of fault 
t^e "ternal time signal generated within the time signal 
d^trCor is transmitted to each of the terminal devices, 
"ere^e time synchronization between the tergal devices 

" Ca,> TVi- signal distributor, if i^ssible of receiving 
the time signa! from the CPS receiver, may 

time signal so that the internal reference signal ^™ 
absolute time signal are not overlapped in time This 
2 „ contrivance makes it possible to avoid such a state as to lead 

20 contrivan terminal device 

to non-synchronization of the time ~= 

making a mis-recognition about the time signal. 

The terminal devices may include an internal clock and 
if unable to receive the reference time signal from the tame signal 
25 distributor, may continue a time signal process * 

internal clock. Even if impossible of receiving the reference 
^signal from the time signal distributor due to some sort 
o^ulf «» synchronization bet^en the terminal devices 
an be ensured by use of the interna! time signal syn^roniz ing 
30 with the internal reference time of each terminal device. 

FIG. 1 is a block diagram showing a time synchronizing 
system according to the present invention; 
35 FIG. 2 is a block diagram showing a flow of signal 

processing within a time signal distributor, 

processing ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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signal generated within the time signal distributor; 

FIG. 4 is a block diagram showing a flow of signal 
processing within a terminal device; 

FIG. 5 is a block diagram showing a flow of signal 
processing of a milli second time correction module within the 
terminal device; and 

FIG. 6 is a block diagram showing a flow of time signal 
backup processing within the time signal distributor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a diagram showing a whole architecture of a time 
synchronizing system according to the present invention. The 
system shown in FIG. 1 is constructed of a GPS (Global Positioning 
System) 101, a GPS receiver 102, a time signal distributor 103 
and a plurality of distributed control oriented terminal devices 
1041 - 104n. Herein, the terminal devices 1041 - 104n are defined 
as terminal devices for executing the distributed control of, 
e.g., a plant. The GPS receiver 102 receives a UTC 
synchronization reference signal and a UTC synchronization 
absolute time signal from the GPS 101. Then, the GPS receiver 
102 transmits, to the time signal distributor 103, the UTC 
synchronization reference signal via a pulse signal line 105 and 
the UTC synchronization absolute time signal via a serial signal 
line 106. The pulse signal line 105 is composed of, e.g., a 
coaxial cable. The time signal distributor 103 transmits 
reference time signals to the plurality of terminal devices 1041 , 
1042,..., 104n via optical signal transmission paths 1071, 1072, 
107n. The optical signal transmission path may be composed 
of, for example, an optical fiber. The terminal devices 1041,..,, 
104n are, though not illustrated, connected in one-to-one 
relationship to plant units 1, n on one hand, and are each 
connected to a host computer on the other hand. These terminal 
devices share the distributed control of the plant units with 
each other. 

FIG. 2 shows the time signal distributor 103 in greater 
details. The time signal distributor 103 includes a signal 
synthesizing unit 203. The signal synthesizing unit 203 
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«.„ ~s the UTC synchronization reference signal 201 
synthesxzes the UTC y ^ ^ 1Q2 

received via the pulse signal line rece ived 
with the UTC synchronization absolute tune signal 202 recei 
with the UTC sy herefrom, thereby generating a 

via the serial signal line iut> T.nv .. t 103 

reference «. signal 2.4. «- ^^tS^^ L 

— ; r r=rjr :r :u ^ * ^ 

signal ^^^^^ a function of the 

■ «=i 904 The signal synthesizing unit 203 syntnesiz 
signal 204 The s g J ^ ^.^ & period p and 

^^^^3 rec P eiver 102 wi th theUTC synchronization 
transmitted from the gb» signal, 
absolute tune signal 202 consisting of a sen 

i-h«=> reference time signal 204. 

a time synchronies process o f each of the ^ *™ > 

I04n (which are hereinafter generically referred to 
- 104n (wni<-n r-pfprence time signals 

terminal device 104) for processing the reference 

reference tune signal j—mitinlexer 301 

dlstrl±>ut or 103 is demultiplexed by a signal demultiplexer 

reference signal 302 and a OT C absolu e *«^^ M ^ * ^ 
, synchronisation reference signal^ a niui second 

correcting process on the order of mi 

•4- nnA anrf thus converted into a mixxx 
time correcting unit 304 and thus recei ves a time 

correction on the order 01 B . rial time 

, n = a nd is thus converted into a serial tame 
0 correcting unit 305, and is th re _ sy nthesized, 
• „=i -*ft7 The two time signals 306, 30/ are x 
signal 307 . The ^ ronizing Wlt h 

thereby generating an internal tuu« y 

UK ' fig. 5 is a bloc, diagram showing the milli s-on d time 
. fM1 The niili second tiine correcting unit 304 

from the time synchronizing process within the terminal device 




104. The milli second time correcting unit 304 includes an 
external clock counter 401, a quartz oscillator 402, a reference 
clock 403, a time counter 404, an internal clock counter 405, 
a counter value simultaneous comparing unit 407, a counter value 
5 error judging unit 407 , an internal clock counter rough adjustment 
unit 408 and an internal clock counter fine adjustment unit 409. 
The external clock counter 401, when receiving the UTC 
synchronization reference signal 302 from the signal 
demultiplexer 301, resets a count value thereof and restarts 
10 counting. The internal clock counter 405 is reset by the time 
counter 404 used for the same milli second time signal 306 as 
the UTC synchronization reference signal 302. The counter value 
simultaneous comparing unit 406 compares a counter value of the 

p external clock counter 401 with a counter value of the internal 

15 clock counter 402 with a fixed period. The counter value error 

fjj judging unit 407 judges whether an error occurs in the result 

! y of comparison. 

ifi If the counter value error judging unit 407 judges that 

W the error in the result of comparison is large, e.g., 1 ms or 

JU 2 0 larger, the internal clock counter rough adjustment processing 

nj unit 408 for a synchronous correction directly corrects the time 

\1 counter 404 used for the milli second time signal 306, and 

p minimizes a time needed for establishing time synchronization 

^ by executing a process of instantaneously adjusting the time. 

25 When the error is small, e.g., smaller than 1 ms, the internal 
clock counter fine adjustment unit 409 makes a fine adjustment, 
thus unit 409 serving to minutely change a pulse width of the 
reference clock pulse 403 as a count pulse transmission source 
of the time counter 404 that performs a frequency-division count 
3 0 with the quarts oscillator 402 serving as a pulse source, and 
synchronize a value of the milli second time signal 306 used as 
an internal time with the UTC reference time with a minute 
fluctuation without directly writing this value. 

FIG. 6 is a block diagram showing steps of an internal 
35 process of the time signal distributor 103. If there is normally 
executed a process of taking the UTC synchronization reference 
signal 201 and the UTC synchronization absolute time signal 202 
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, +*u> CPS receiver 102 into the time signal distributor 
given from the GPS receiver svn thesizes the UTC 

T03 the signal synthesizing unit 203 synthesize 
103, the sign j synchronization 
syn^oni^ionre^s ^ ^ J ^ signal 

— ores ^ a reference time signal *• 
herein, «e time signai distributor 103 includes a quartz 
oscillator 5 1, an interna! reference signal generator 503 and 
an ttertal absolute tfcne signal generator 504 in case 
of Signal from the OPS receiver 102 is interrupted due to 
a fault of GPS 101 or a disconnection of the signal cable or a 
cut-off of tne power supply, and an abnormality in 
iltLeby recognized. The internal reference generator 
is tnerwy ^ ouartz oscillator 501, 

502 , hased °« Z used as a substitute 

rtt^sytClaSn ref erelce signal 201 given from the 
for the OTC sy internal abso lute time signal generator 

ZZZ tne unionization absolute time signai 202 
tL ZZs receiver 102 at a normal time., and » 
Eternal absolute time signa! 505 referring to this -f*-* ™- 
0 « Z UTC synchronization absolute time signal 202 disappears, 

• n If the receipt of the signax 

oinnal of the quartz oscillator 501. " U1C f 
signal of tne q inte rrupted, the signal synthesizing 

from the GPS receiver 102 is interrupt 
J5 unit 203 synthesizes the internal reference signal 503 and the 
internal absolute time signal 505 as substitutes for the UTC 
yn ionization reference signal 201 and the UTC 
lolute time signal 202, thereby ^^.^3^^ 
signal 204. Then, the signal synthesizing unit 2 03 tr 
30 reference time signals 204 in distribution to the respective 

temin tr t:> :^ <* o^ a , — by ^ 

illustrated ^^^^ the GPS receiver 102 
p^ferrinq first to ribt>. x **/ 
35 received signal from CPS 101. The time signal distr^u or 
103 receives the UTC synchronization reference signal 201 via 
The p"se signal line 105 and the UTC synchronization absolute 



time signal 202 via the serial signal line 106, The time signal 
distributor 103 broadcasts the absolute time signals 202 received 
from the GPS receiver 102 to the respective terminal devices 104 
via the optical signal transmission paths 107. Herein, the 
5 reference time signals 204 are broadcast to the respective 
terminal devices 104 from the time signal distributor 103. With 
this broadcasting , in each of the terminal devices 104, the UTC 
synchronization absolute time signal from the GPS receiver 102 
is synchronized with the internal time signal 308 of each of the 
10 terminal devices 104, thereby unifying batchwise the times 
between the respective terminal devices 104. 

Thus, the reference time signal synchronizing with UTC is 
obtained by use of the GPS 101 with a general-purposed 
O characteristic but no restriction in terms of the utilizing place, 

™J is and transmitted to each of the distributed control oriented 

ffl terminal devices through the optical signal transmitting paths, 

; y e.g., the optical cables, whereby the time signal transmission 

jn system exhibiting an excellent anti-noise characteristic can be 

W configured. Further, the time signal distributor 103 is capable 

q 2 0 of broadcasting the signals to the plurality of terminal devices, 

TU thereby attaining a simplified system having excellency in an 

V economical characteristic and making it feasible to execute a 

□ highly accurate time synchronizing process. 

^ The time signal distributor 103 synthesizes the UTC 

25 synchronization reference signal 201 and the UTC synchronization 
absolute time signal 202 transmitted from GPS 101, and the 
synthesized signal is transmitted with a fixed period to each 
terminal device via one single signal line. The simplified 
signal line architecture can enhance the economical 
3 0 characteristic, and a load on the transmission process can be 
relieved. 

Next, a contrivance for easily taking the time 
synchronization on the unit of milli second will be explained. 
The reference time signal 204 received by each terminal device 
3 5 104 is demultiplexed into the synchronization reference signal 

302 and the absolute time signal 303. The absolute time signal 

303 is used directly as a serial time signal 307 of each terminal 
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device 104. Further, a milli second ti. signal 306 that does 
not exist in the absolute t!» signal 303 is, as sho^ rn FIG 
5 created by a time counter 404 for counting by output pulses 
of the reference clock 403 for performing the f reguency-division 
count with the quartz oscillator 402 serving as the °~^ atl °" 
source, and he count value of the internal clocK counter £5 wrth 
the time counter 404 serving as a reset source, is matched wrth 
external clock counter 401 reset at a receipt tlmng. 

Matching the internal clock counter 405 with the external 
clock counter 40! involves adjusting the t*ne counter 04 as the 
reset source of the counter. Hence, the count value of the t^e 
counter 404 synchronized with the external clock counter 401 rs 
usTas a milli second time signal 306. whereby the miilr second 
^ that does not incorporated into the absolute *>-™£ 
303 transmitted from the GPS receiver 102. can be 

According to this embodiment, the ti»e srgnal on the order 
of second or larger, i.e.. the much finer ^ '^'J^Zi 
the time signal on the order of milli second which rs 
in the reference signal from the GPS 101, can be easily 
synchronized with the time signal of the GPS 10! by matching the 
In ernal clock precisely with the reference clock 
with the inc. using the absolute time signal grven from the tome 

sianal distributor 103. 

For instantaneously taking the time synchronism, the count 
, value simultaneous compart unit 406 compares the 

of the internal clock counter 405 with the count value of the 
external clock counter 401 of each terminal device 104, and the 
"unt value error Judging unit 407 obtains the error : between .those 
count values. Depending on the magnitude of the 
, execution of the correction process is switched to the rough 
ad ustment of the internal clock counter rough adjust^ , u t 
408 or to the fine adjustment of the internal clock counter frne 
adjusting unit 409. «ith this processing, the t»e 
establishing the t*. synchronization can 
5 corresponding to the tim. difference. If the error betwe the 
count values is large, the milli second t~ srgnal 306 can be 
subjected to the ttae synchronization as approximate as UTC m 



« of the internal clock counter rough adjusting unit 
P » the el leCen the count value is small , a count™ 
TJ£ counter 404 can be fluctuated b y changing minutely 
of the rim reference clock 403 provided at 

the output pulse widthof ^ ^ ^ ^ 

an input adjusting proce ss of the internal 

time signal 306 in the I J synchronization 

clock counter fine adjusting unit 409. Then, th y 

accuracy can be enhanced without changing the value 

the milli second time signal 306. devlat ion 
According to this embodiment, even if a width of devi^ 

i ^ hv far larqer than at a rise ux 

L be momentarily taken, and a time reliability of 

^jrrjrr^, ~ : — :r s ::rr 

sig „al can not be obtained fromthe ^ or the «£- ^ 
102 , will be e a^ed reference 

^Tl^Ol and ^ ^synchronization absolute time signal ,02 
signal 201 and the u y x syntne sizing 

from the GPS 10! ^ 503 ^ 

unit 203 synthesizes the internal ^r 

internal absolute time signa 505 ^ ^ 

^Iccrrding to this embodiment, even if impossible of 

receiv", the time signal from the GPS 

*. ~f -fault the time signal distriDuwi 
102 due to some sort of fault, rne ^ 

. v thP internal time synchronized with the GPS 101 
o can broadcast the internal y pliability for 

~ "re^^nai synthesizingunit 203. when generating 

cianal 301 by synthesizing the internal 
c thP reference time signal , en* 

re signal 503 and the internal absolute time signa 505 

transmits in distribution the internal reference signal 503 




the substitute for the UTC synchronization reference signal 201 
and the internal absolute time signal 505 to the respective 
terminal devices 104 at a timing indicated by the reference time 
signal 204 so that the signals 503 and 505 are not overlapped 
5 in time. 

According to this embodiment, it is feasible to prevent 
the reference time signal used as the time synchronization signal 
between the terminal devices from being recognized as an error 
signal in the terminal devices 104 due to a signal overlap. Hence, 
10 the time synchronization between the terminal devices is ensured, 
and the reliability thereof is enhanced. 

If unable to take in the reference time signal 204 from 
the time signal distributor 103, each of the terminal devices 
p 1041 - 104n continues a time signal process by use of the internal 

5^ 15 clock counter 405. 

g3 According to this embodiment, even if each terminal device 

rtJ is incapable of receiving the reference time signal 204 from the 

^ time signal distributor 103 due to some sort of fault , the internal 

yj time signal 308 synchronized with the reference time signal in 

JU 2 0 each of the terminal devices 104 is used, thereby making it 

fy feasible to ensure the time synchronization between the terminal 

^ devices and to attain the enhancement of the reliability, 

p As discussed above, according to the present invention, 

H 8 even when a time resolution with the accuracy as high as 1 ms 

25 or smaller is required, the GPS capable of obtaining the absolute 
time exhibiting the accuracy of ±l/ls anywhere on the earth is 
used, thereby making it possible to provide the time 
synchronization method and system exhibiting the good economical 
characteristic at the high accuracy and the high reliability in 
3 0 a way of ensuring the information transmission efficiency without 
being aware of the time synchronization. 



